In this paper, the strategy choice of export or not of Chinese biomedical enterprises has been empirically analyzed under the assumption of firm's productivity heterogeneity of new -new trade theory. With the Probit and Tobit model regression analysis on enterprise productivity and export-oriented strategy choice, a positive correlation between the level of productivity and export strategy has been found and the productivity is the key factor in deciding whether to choose the export-oriented strategy or not, and the results of this study do not support the "productivity paradox".
Introduction
In 1990s, Melitz introduced enterprise heterogeneity to the research of international trade and investment, which is called new-new trade theory based on enterprises heterogeneity. This theory explains how enterprises' trade mode is influenced by heterogeneous factors and institutional factors, and pushes the empirical research of international trade from macro -field to micro-field. Based on the model of Melitz (2003) , Helpman & Yeaple (2004) explored more about heterogeneous firms trade model, and studied the influence of enterprise heterogeneity on strategy choice of export and FDI, and concluded that the productivity difference between enterprises is the main factor influencing the enterprises' strategies. It means that enterprises with low productivity can only serve domestic market, those with higher productivity can choose to export, and with the highest productivity be capable of gaining most profits by building factories overseas.
Based on theoretically heterogeneous firms trade model, many scholars empirically test the relationship between productivity and the strategy choice. For example, Head and Ries (2003) proved that if the enterprises have no cost advantage with FDI in the host countries, they must have a higher productivity than export enterprises. Based on general equilibrium framework, Nocke and Yeaple (2006) analyzed the influences of productivity heterogeneous characteristics on the entry mode to international market, such as export, Greenfield FDI and cross-borde M&A. The result of the research proved that high productivity is enterprises' advantage and core competitiveness, which can help enterprises to choose different strategy. Chinese scholars have empirical research with domestic sample, and have the different conclusion, which is called "productivity paradox". For example, Tang, Liu (2011)'s research supports the "Paradox of productivity" that export enterprises have lower productivity than non-export enterprises. They expained the possible reason for this may be Chinese enterprises having higher costs to domestic market. Li, C. D. (2010) used enterprise data of 30 manufacturing industries, and found that Chinese export enterprises' average productivity is lower than those domestic-based enterprises, which proved the existence of "Paradox of productivity". Furthermore, the result shows the "Paradox of productivity" more evident in private enterprises, then followed by collective enterprises, and the state-owned enterprises being most insignificant. Based on new-new trade theory with the assumption of enterprise heterogeneity, this article empirically analyzes export strategy decision taking domestic bio-pharmaceutical companies as research sample. enterprises' strategy choice and put forward some basic hypothesis. In section 3, the empirical analysis of strategy choice on the sample of bio-pharmaceutical industry is made. And the last part is the conclusion of this article.
The Extended Model and Basic Assumption of Heterogeneous Firms' Strategy Choice
Based on the theoretical model by Helpman et al. (2004) , this article builds an analyzing framework of enterprise heterogeneity and strategy choice (export or FDI). Assume that heterogeneous firm produces differentiated goods and consumers having the same preferences. So the utility function and consumption function can be described as the follows:
Here, is the quantity of consumed products, represents the quantity of production in industry s, country j.
determines the elasticity of substitution between products (the elasticity of substitution is ). represents the share of aggregate expenditure in s industry, meanwhile, . Then, the demand for products of s industry in country j is:
Here, represents aggregate expenditure in country j, is the price of product . We use to represent the price index of s industry in j country, so (4) Next, we assume that each firm can produce products with labor, and the wage level of country j is , the productivity of heterogeneous firm is , which has empirical distribution of meeting the Pareto optimality, and the shape parameter is k, then: ,
Here, b represents the minimum productivity in this industry. We assume , which ensures the probability of different productivity to be limited distribution. And the variance of Pareto distribution can be described as: ,
The smaller the parameter k, the bigger the difference in the productivity it represents. We assume that the productivity changes with different industry. When an enterprise chooses to enter the market, it will face the fixed cost of domestic production. The parameter measures the intra-industrial R&D density, and . An enterprise with a relatively higher R&D density will have a higher R&D cost. If an enterprise chooses to enter foreign markets, it will face the choice between export and FDI. If it chooses to export, it will take extra fixed cost , domestic wage and transportation cost >1. If the enterprise chooses to invest directly in foreign countries, it will take extra fixed cost , and avoid transportation cost but will face the local labor cost .
The marginal cost of the enterprise from country h can be represented as:
( 1) , when the enterprise sells goods in domestic market;
(2) , when the enterprise exports its products to country ;
, when the enterprise produces its products in country .
According to the demand curve, we can get , and the profit function in domestic market is:
In this function, , which represents the adjusted demand level of country i's industry.
represents productivity exponent, . When , the enterprise's threshold of Vol. 6, No. 4; 2013 entering domestic market is:
If the enterprise's productivity is smaller than , it cannot enter this industry. If the enterprise's productivity is bigger than or equal to , it can enter this industry and sell products. Similarly, the extra profit of export enterprises is:
, the export enterprise's productivity threshold is:
The extra profit of the enterprises investing in the foreign markets is:
Taking , the productivity threshold of FDI enterprise is:
From the threshold we find that FDI strategy requiring the highest productivity, followed by export-oriented strategy, enterprises with lower productivity can only serve in domestic market, and the enterprise with the lowest productivity will exit from the market.
According to the theoretical model, the quantity of enterprises in the market and its productivity can be derived, thus we'll get the related hypothesis. According to the Pareto optimality assumption, the quantity of enterprises producing and selling goods in domestic market is:
The sum of export-oriented enterprises and FDI enterprises is:
And the quantity of FDI enterprises is:
Thus the quantity of export-oriented enterprises is:
As the k has a relatively insignificant impact on , we use the percentage of export-oriented enterprises to FDI enterprises to study the effect of productivity:
, will increase with increasing.
According to the analysis above, when , we assume that , then , which means the optimal choice of enterprise's international strategy depends on the enterprise's productivity. As a result, the following hypotheses are made:
Hypothesis 1: When , the enterprise neither exports nor invests in the foreign markets directly, it only produce and sale its products in domestic market.
Hypothesis 2: When , the enterprise not only sales products in domestic market, but also exports its products to foreign market.
Hypothesis 3: When , the enterprise invests in the foreign markets directly.
Empirical Analysis on Export Strategy Choice of Productivity Heterogeneous Firms

Sample and Data
This article chooses 10 Chinese listed companies in China's bio-pharmaceutical industry. These companies are located in different regions with different business, as the typical of this industry. The time span is from 2006 to 2010. All the data is from the annual reports of companies and transformed to the prices in 2006. Vol. 6, No. 4; 2013 
Estimation of Heterogeneous Productivity with SFA
SFA is first proposed by Aigner et al. (1977) and Meeusen and Van den Broek (1977) , then Battese and Coelli (1992) improved this method by using panel data. In this article we choose the following Translog Production Function to estimate enterprises' productivity:
Here, . is nonnegative, and obeys truncated normal distribution ( ), represents technology inefficiency; is white noise, and obeys normal distribution of ; is the factor influencing efficiency. If , then has negative relationship with the inefficiency , and has a positive effect on the efficiency level. Conversely, if , then brings inefficiency. represents the logarithm of actual output of enterprise i (i=1,2,…,N) at time t (t=1,2,…,T). jit x is the logarithm on jth actual input of individual i in time t, includes capital and labor. Using the software of Frontier4.1 to estimate the production function by OLS and MLE respectively, the results are showed in Table 1 . The results in table 1 show that the variables T, T   2 , TLnK, TLnL are not statistically significant, which means that enterprises' output increasing mainly comes from factor input and the improvement in efficiency, the production frontier is unchanged.
With the MLE results and stochastic frontier production function, we can get the individual productivity for each enterprise, which is showed in Table 2 . The productivity is influenced by the external economic environment. Under the financial crisis from 2008 to 2009, bio-pharmaceutical enterprises' productivity has a significant decrease. However, there are significant differences between enterprises, which is the enterprises' productivity endogeneity. Whether the enterprises' productivity has significant impact on its strategy choice or not? Whether "paradox of productivity" exists in China's bio-pharmaceutical industry? These questions will be tested further in the following part. Vol. 6, No. 4; 2013 
Empirical Analysis on the Export Strategy Choice of Productivity Heterogeneous Firms
According to the theoretical deduction and basic hypothesis, heterogeneous firms' strategy has relationship with labor, capital and R&D as well as productivity. So we set the following Probit model to test the hypothesis:
Here, is a dummy variable, which represents bio-pharmaceutical enterprises' strategy, is export-oriented strategy at time t, and is only serving the domestic market at time t. is the enterprise's TFP. Furthermore, we choose enterprises' labor input , Paid-in Capital , R&D and the business revenue as the control variables. All the data comes from companies' annual reports, and the estimated results are showed in table 3. The Tobit model can be expressed as:
Similar results we get by using the Tobit model. That means the sign of different variable is not affected by the model and we conclude that results are robust.
Conclusions
In this article we use SFA method to calculate the TFP of bio-pharmaceutical listed companies, the results show that there is significant difference between enterprises' productivity. According to the new-new trade theory, productivity heterogeneous enterprises will have different strategy of export or FDI. We use Probit and Tobit models to identify the relationship between the enterprises' productivity and the choice of export strategy, the results show that enterprises' productivity has a significantly positive relationship with export strategy, and the productivity becomes the key factor determining whether the enterprise choose export strategy or not. The results of this article don't support the "Parodox of productivity". As bio-pharmaceutical enterprises mainly engage in knowledge-intensive processing trade rather than labor-intensive processing trade, "Parodox of productivity" is not the general conclusion to all Chinese manufacturing sectors. In China there is relatively high cost in entering domestic market and the processing trade occupies almost half of China's foreign trade. It does not contradictory to the new-new trade theory of productivity determining enterprises' strategy.
